Background: Factor VII is the most affected clotting factor during the early phase of warfarin therapy. An international normalized ratio (INR) of more than 1.4 is considered unsafe for epidural catheter placement or removal, according to the American Society of Regional Anesthesia and Pain Medicine. The authors tested the hypothesis that factor VII activities would be consistent with safe removal of the epidural catheter on postoperative day (POD) 1 regardless of INR value. Methods: Data from 121 patients who took warfarin after undergoing total joint surgery and had INRs and factor VII levels determined were reviewed. Patient characteristics and factor VII activities were compared between patients with INRs of more than 1.4 and those with INRs less than or equal to 1.4 on PODs 1, 2, and 3. Results: Eleven patients had INRs of more than 1.4 on POD 1; their mean Ϯ SD factor VII activities were 60 Ϯ 28% (normal: 50 -160%). On POD 2, 78 patients with INRs more than of 1.4 had factor VII activities of 32 Ϯ 15%, whereas on POD 3, 84 patients with INRs of more than 1.4 had factor VII activities of 44 Ϯ 19%. Variables included in the final multiple logistic regression model as predictors of an INR of more than 1.4 on POD 2 were warfarin dose on POD 1 and factor VII activity on POD 2. Conclusions: The range of factor VII activities in the patients with INRs of more than 1.4 within 12 h of warfarin therapy was compatible with adequate hemostasis. The authors found no evidence that epidural catheters should not be removed even with INRs up to 1.9, the highest INR on POD 1 noted in their study.
C OUMARINS or vitamin K antagonists are used for primary and secondary prevention of venous thromboembolism, for the prevention of systemic embolism in patients with atrial fibrillation or prosthetic heart valves, and as an adjunct in the prophylaxis of systemic embolism after myocardial infarction. 1 These drugs interfere with the synthesis of the vitamin K-dependent clotting factors II, VII, IX, and X. The onset of action of oral anticoagulants depends on their effect on factor VII, the clotting factor with the shortest half-life.
The prothrombin time is the test used most commonly to monitor therapy with vitamin K antagonists. The prothrombin time responds to a reduction of three of the four vitamin K-dependent procoagulant clotting factors, factors II, VII, and X. 1 The lack of reliability of the prothrombin time led to the use of the international normalized ratio (INR), the ratio of a patient's prothrombin time to that of a control sample. 1 The INR represents the activities of several coagulation factors during the onset and the steady-state of warfarin therapy.
An INR of more than 1.4 has been considered as unsafe for epidural catheter placement or removal by the American Society of Regional Anesthesia and Pain Medicine because of the risk of spinal hematoma. 2 The guideline is followed by clinicians even during the early phase of warfarin therapy when factor VII may be the only clotting factor affected. In this study, we tested the hypothesis that factor VII activities would be consistent with safe removal of the epidural cathe-ter on postoperative day (POD) 1 regardless of the INR values.
Materials and Methods
The current study was approved by Northwestern University (Chicago, Illinois) Institutional Review Board, which did not require written informed consent because of the retrospective nature of our study and the 1-yr interval between the determination of the factor VII activities and study approval. The sample size of the study was based on the availability of data from patients who had total joint surgery, either total hip or total knee replacement, between April 25, 2007, and June 5, 2007, and for whom INRs and factor VII levels were ordered as part of a quality assurance study at our hospital. After Institutional Review Board approval, the data of 121 consecutive patients were reviewed retrospectively. All patients had stopped taking aspirin 5-7 days before their operation and other nonsteroidal antiinflammatory drugs 2-3 days before their operation; neither these drugs nor lowmolecular weight heparin was started during the hospitalization of patients. They were prescribed warfarin every night, starting with 5 mg on the night of the surgery, except for 17 patients who were older than 70 yr and for whom 4 mg was started and one 82-yr-old patient who was started on 3 mg.
The INRs and factor VII activities were determined on the morning of POD 1 (approximately 12-14 h after warfarin intake), POD 2 (36 -38 h after warfarin), and POD 3 (60 -62 h after warfarin). Factor VII levels, reported as percent activities, were determined by the one-stage clotting method.
Statistical Analyses
Patient characteristics were either categorical data as collected or were reduced from ordinal or continuous data to categorical data. These included sex, age, body mass index (BMI), American Society of Anesthesiologists physical status, history of cancer, creatinine clearance (CrCl) calculated by the Cockcroft-Gault equation, hemoglobin, estimated blood loss, and incidence of blood transfusion on PODs 1, 2, and 3, as indicated in tables 1-3. These data were compared between patients with INRs more than 1.4 and those with INRs less than or equal to 1.4 using Fisher exact probability test, with 95% confidence intervals for differences in percentages calculated using the Farrington and Manning score (NCSS, Kaysville, UT). Factor VII activities were compared between the patients with INRs of more than 1.4 and those with INRs less than or equal to 1.4 using the unpaired t test. The relationship between the INRs and factor VII activities on PODs 1, 2, and 3 were examined using the least squares linear regression. The criterion for rejection of the null hypothesis was a two-tailed P value of Ͻ0.05.
Multiple logistic regression analysis was performed using StatsDirect statistical software (version 2.6.5, StatsDirect Ltd., Chesire, United Kingdom) to determine the predictors of an INR of more than 1.4 on POD 2. Variables included in the initial multiple logistic regression analysis were those identified in the univariate analyses as having a value of P Ͻ 0.10 (table 2) : age, BMI more than 35 or less than or equal to 35 kg/m 2 , factor VII activity, CrCl less than 60 or more than or equal to 60 ml/min, hemoglobin less than 10 or more than or equal to 10 g/dl, blood transfusion, and warfarin dose on POD 1. In the final analyses, variables with high P values were removed from the model one at a time and were excluded from the final model if their removal either did not diminish the fit of the model or actually improved it, as determined by the Pearson chi-square statistic, the likelihood ratio test statistic, the Hosmer-Lemshow statistic, and the correct prediction of both positive and reference responses. The sensitivity and specificity of the logistic model were calculated from the model-predicted reference and model-predicted positive responses (using the default threshold probability for positive classification of 0.5) and the actual reference and actual positive responses. Bias-corrected Comparison of the characteristics of the patients with INRs of more than 1.4 and those with INRs less than or equal to 1.4 revealed that factor VII activities were different on POD 1, but the other patient characteristics were not (table 1) . Age, BMI, CrCl, hemoglobin, incidence of blood transfusion, and factor VII activities were significantly different between the groups of patients on POD 2 (table 2) but only the incidence of blood transfusion and factor VII levels were significantly different between the two groups on POD 3 (table 3) . Initial multiple logistic regression analysis to determine the predictors of an INR of more than 1.4 on POD 2 was performed using variables identified in the univariate analyses as having a value of P Ͻ 0.10 (table 5). Variables included in the final multiple logistic regression model as predictors of an INR of more than 1.4 were warfarin dose on POD 1 and factor VII activity on POD 2 (table 5; Logit P ϭ 13.612-0.121 ϫ factor VII activity Ϫ 1.443 ϫ warfarin dose in mg; likelihood ratio test statistic ϭ 93.146, P Ͻ 0.0001). The sensitivity of the logistic model was 94.5%, whereas its specificity was 86.1%.
Discussion
We found that not only was the correlation between the INRs and the factor VII activities on POD 1 poor but also the factor VII activities in 8 of 11 patients with INRs more than 1.4 within 12 h of warfarin therapy were within normal limits. The correlation between the INRs and the factor VII activities were better on PODs 2 and 3. Factor VII levels were significantly different between patients with INRs of more than 1.4 and those with INRs less than or equal to 1.4 on POD 1. On POD 2, age, BMI, CrCl, hemoglobin, incidence of blood transfusion, and factor VII activities were different between patients with INRs of more than 1.4 and those with INRs less than or equal to 1.4, whereas on POD 3, only the incidence of blood transfusion and factor VII levels were different between the patient groups.
Coumarins competitively inhibit vitamin K reductase and vitamin K epoxide reductase-enzymes that maintain the vitamin K cycle. Vitamin K reductase converts vitamin K to reduced vitamin K, a cofactor in the carboxylation of precursors of procoagulant proteins (prothrombin, factors VII, IX, and X). Reduced vitamin K is then reconverted to vitamin K by the epoxide reductase. 1 Warfarin is the most common vitamin K antagonist in clinical use. Warfarin also inhibits protein C, which is converted into activated protein C when thrombin binds to thrombomodulin. Activated protein C, together with its cofactor protein S, inactivates factors Va and VIIIa. 3 Factor VII has a relatively short half-life (6 -8 h) , and the INR may be prolonged within 24 -36 h after warfarin administration due to a decrease of factor VII levels. The anticoagulant protein C also has a short half-life (6 to 7 h), and decreases in its activity may counteract the effect of the changes in factor VII concentrations. Although factor IX has a half-life of 24 h, ade- The American Society of Regional Anesthesia and Pain Medicine recommended an epidural catheter be neither placed nor removed in patients on warfarin therapy who have INRs of more than 1.4. 2 When the INR is more than 1.4, the anesthesiologist withholds the warfarin, waits for the INR to decrease, and removes the epidural catheter when the INR is less than 1.4. This scenario has led to two complications in our hospital when followed on the morning of POD 1, 12-14 h after the patients took their warfarin. One woman developed an acute deep vein thrombosis in her right medial calf on POD 1 while her INR was 1.8. Another patient developed a pulmonary embolism on POD 2 when his INR was 2.1. In both patients, the warfarin was withheld by the clinician because of the elevated INR value on POD 1. The levels of factor VII, the factor most probably affected, and protein C were not measured in these two patients. These complications led to our interest in factor VII activities because the INR is mainly dependent on the levels of this factor in the early days of warfarin therapy. 5 The INR in the first week of warfarin therapy is exquisitely labile and depends on levels or activities of both factor VII and protein C. 5, 6 During the first few days of warfarin therapy initiated with a 5 mg dose (similar to most of the patients in our study), the average percent activities of factors VII and II were reported to be 85 and 100%, respectively, at 12 h; 58 and 83%, respectively, at 36 h; and 35 and 66%, respectively, at 60 h after initiating therapy. 5 These factor VII activities are similar to our findings (tables 1-3) and to those of an earlier report. 7 For effective anticoagulation, the levels of the vitamin K-dependent clotting factors have to be decreased to approximately 20% of their normal levels. 8 A study that looked into the importance of the individual clotting factors on the generation of prothrombinase activity in the plasma of anticoagulated patients demonstrated that the concentration below which the factors VII, IX, and X start to have a measurable effect were 5, 20, and 30%, respectively. 9 Based on the results of our study, it is probably safe to remove the epidural catheter in the first day of therapy, despite an increase in INR up to 1.9, the highest INR noted on the first POD of our study. The factor VII activity at this time is compatible with adequate hemostasis, and the activities of the other vitamin K-dependent factors are within normal limits. If the patient has risk factors for bleeding (see the following discussion on risks for increased INR), then a factor VII activity test should be ordered.
There was a low correlation between INR and factor VII on POD 1 in the current study ( fig. 1 ) that may be related to the competing effects of decreased factor VII and of protein C and to the washout of existing clotting factors. The better correlation between factor VII levels and INR on PODs 2 and 3 is likely due to exhaustion of the existing clotting factor VII and the initial decrease of the other vitamin K-dependent clotting factors.
Among the patient characteristics on POD 1 (12-14 h after their warfarin intake), only factor VII was significantly different between the patients whose INRs were less than or equal to 1.4 and those whose INRs were more than 1.4 in the current study. Age, BMI, CrCl, low hemoglobin (less than 10 g/dl), incidence of blood transfusion, and factor VII activity were significantly different between the patients whose INRs were less than or equal to 1.4 and those whose INRs were more than 1.4 on POD 2, or 36 -38 h after initiating warfarin therapy. The incidence of blood transfusion and factor VII levels were significantly different between the patients whose INRs were less than or equal to 1.4 and the patients whose INRs were more than 1.4 on POD 3, or 60 -62 h after initiating warfarin therapy. Of the patient characteristics associated with increased INRs on POD 2, only factor VII activity and warfarin dose were included in the final multiple logistic regression model (table 5) . The factors associated with increased INRs in patients on warfarin have been the subject of several studies and reviews. Advanced age has been identified as a risk factor for increased INR. 10 -12 The increased risk of bleeding in elderly patients on anticoagulants may be due to reduced clearance of warfarin, 13 intercurrent illness, or drug interactions with warfarin. After adjustment of other risk factors, it was noted that age increased the risk of overcoagulation by 15% for every 10 yr. 10 The clearance of warfarin influences the degree of elevation of INR. 14, 15 We used a CrCl of less than 60 ml/min/ 1.73 m 2 to signify chronic kidney disease. 16 In our study, the presence of CrCl of less than 60 ml/min/1.73 m 2 differed between the groups only on POD 2.
Other patients' characteristics that affect patient's response to INR include debilitation, malnourishment, congestive heart failure, and liver disease. 1 Malignancy and anticancer chemotherapy are known risk factors for thromboembolism. 17 Tumor cells and their products activate the coagulation and fibrinolytic systems and interact with platelets, leukocytes, and endothelial cells. 17, 18 Procoagulants and cytokines are released from damaged cells, and anticancer drugs have a direct toxic effect on the vascular endothelium and decreases physiologic anticoagulants. 19, 20 A history of cancer did not differ between the patients with INRs less than or equal to 1.4 and those with INRs more than 1.4 in our study (tables 1-3).
Approximately 250 different drugs interact with warfarin. 21 Most notable are interactions with cardiovascular drugs, especially amiodarone that reduces the clearance of warfarin, 22 and drugs that affect platelet function. 21 None of our patients were given amiodarone, and their antiplatelet medications were stopped before their surgery.
Warfarin is metabolized primarily by the CYP2C9 enzyme of the cytochrome P450 system. 1 Mutations in the gene coding for the cytochrome P450 2C9 hepatic microsomal enzyme affect the elimination clearance of warfarin by impairing the patient's ability to metabolize S-warfarin. Other genetic factors affecting the warfarin dose-response relationship include polymorphisms of the vitamin K oxide reductase enzyme, the target of warfarin's inhibitory effect on the vitamin K cycle. Although mutations in the gene encoding for isoforms of the protein can lead to enzymes with varied sensitivities to warfarin, the American College of Chest Physicians advises against pharmacokinetic-based initial dosing of warfarin at this time. 1 In summary, we noted that the activities of factor VII were within normal limits in 8 of 11 patients with INRs of more than or equal to 1.4 12-14 h after initiating warfarin therapy. The factor VII activities of the remaining 3 patients with INRs of more than or equal to 1.4 were compatible with adequate hemostasis. We recommend that the epidural catheter be removed at this time, in the presence of an INR that is increased up to 1.9, the highest INR noted on the first POD of our study, as long as other risk factors for increased bleeding are not present. If risk factors such as low platelets, advanced age, kidney failure, or intake of other anticoagulants are present, then the factor VII activity should be determined.
